Background: In Indonesian the prevalence of IDA in female adolescents is high. Higher levels of hepcidin are related to nonresponsiveness to oral iron supplementation. Matriptase-2 is a major enzyme which regulates hepcidin secretion. The aim of this study was to investigate whether or not female adolescents were responsive to oral iron supplementation. Methods: This was an analytical observational study with prospective cohort approach. Subjects were 173 female adolescents who studied in year 10 and 11 of secondary schools in Boyolali regency. Hemoglobin (Hb) levels were measured using the cyanmethemoglobin method and ferritin serum used ELISA. Sixty-eight IDA subjects were given ferrous-fumarate 1 tablet/day for 1 month. After treatment, Hb levels were determined using the same method and serum levels of hepcidin and matriptase-2 were detected by ELISA. All data were analyzed using independent t-test and Mann-Whitney test with 95% significance level. Results: Around 50% (87/173) female adolescents had IDA and 38.2% was responsive to iron supplementation (ΔHb ≥ 1 g/dL) while 61.8% was non-responsive (ΔHb < 1 g/dL). Hepcidin levels of non-responsive subjects (6.8 ng/mL) were higher than that of responsive subjects (6.4 ng/mL), but it did not reach significant difference (p=0.302). Lower levels of matriptase-2 were observed in non-responsive subjects (666.3 pg/mL), compared with responsive subjects (1133.0 pg/mL) (p=0.074). Conclusion: More than 50% of female adolescents is not responsive to oral iron supplementation with higher levels of hepcidin and lower levels of matriptase-2. Both proteins are a potential biomarker for detection of responsiveness to oral iron supplementation.
INTRODUCTION
Anemia, which is one of the nutritional disorders, is found worldwide either in developed or developing countries. 1 Many factors contribute to the etiology of anemia such as massive blood loss, vitamin B12 and folic acid, blood diseases, infectious diseases and inflammation, but iron deficiency is a main cause of anemia. Approximately 2 billion people around the world suffer iron deficiency anemia (IDA), and almost all age groups are vulnerable to IDA. 2 In Indonesia, the prevalence of anemia varies among age groups, 21.7% is in children, 29% is school age 22.7% is adolescent and 37.1% in pregnant women. 3 Persisted IDA in female adolescents will manifest in reproductive women who get pregnant in future. In recent years, there is no government program to treat it. Iron supplementation for 90 days during pregnancy is the government program to treat IDA in pregnant women. In the last ten years, the anemia prevalence in pregnant women is still high although 89.1% has got iron supplementation. 4 It is probably caused by non-responsiveness to oral iron supplementation. A study which was done in general population indicates that 37.5% adult women are responsive to oral iron supplementation and 62.5% women are non-responsive after oral iron treatment for one month.
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Furthermore, non-responsive to iron supplementation will increase the risk of insulin resistance, metabolic syndrome and type-2 diabetes mellitus.
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Hepcidin hormone is the main regulator of iron homeostasis. 7 The hepcidin is an oligopeptide which is synthesized in the liver and regulates serum iron levels through intestinal absorption, iron recycle in macrophages and iron release in their storages.
8,9
The expression of hepcidin is regulated by bone morphogenetic protein-sons of mothers against decapentaplegic homolog (BMP-SMAD) cell signaling, hemojuvelin and hemochromatosis-associated membrane proteins (HFE). 7 Increased hepcidin levels inhibit iron absorption and iron release from macrophages and storages, leading to decrease of serum iron, and erythropoiesis.
10,11 A recent study has reported that hepcidin levels become an accurate parameter for determination of responsiveness to oral iron supplementation with 41.3% sensitivity, 84.4% specificity and 81.6% Positive Predictive Value (PPV). This parameter is better than serum ferritin levels and transferrin saturation. 
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Matriptase-2 is a serine protease that plays a major role in the regulation of hepcidin. In vitro studies have shown that the matriptase-2 cleaves hemojuvelin which downregulates BMP-SMAD signaling and inhibits hepcidin expression. Decreased hepcidin expression results in an increase of iron absorption and erythropoiesis.
12,13
Patients who have polymorphism of matriptase-2 or TMPRSS6 gene show high serum levels of hepcidin, low iron status and non-responsive to oral iron therapy.
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Thus, hepcidin and matriptase-2 are potential biomarkers for IDA to distinguish whether or not responsive to oral iron supplementation. The aim of this study was to investigate hepcidin and matriptase-2 levels in female adolescents who got oral iron supplementation for one month.
RESEARCH DESIGN AND METHODS
This was an analytical observational study with prospective cohort approach. Adolescents female students who studied at year 10 and 11 in senior high schools in Boyolali were screened using criteria such as pregnancy, menstruation, chronic illness, severe anemia, blood diseases supplementation, and drug consumption. This study has been approved by Ethical Review Committee School of Medicine Sebelas Maret University Surakarta Number 660/VIII/HREC/2016.
Determination of oral iron responsiveness
Determination of IDA used Hemoglobin (Hb) and serum ferritin levels. The Hb was measured using cyanmethemoglobin method and serum ferritin levels used ELISA kit (Elabscience®). Female adolescents were considered suffering IDA if Hb was less than 12 mg/dL and ferritin was less than 15 ng/mL. All subjects with IDA were given Ferro-fumarate one tablet/day for 30 days. During supplementation, iron consumption was regularly monitored. Hb levels were measured using the same method at the end of iron supplementation. If the Hb levels increased less than 1 g/dL, subjects would be classified as non-responsiveness or vice versa.
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Biochemical assays
Serum of IDA subjects was collected using serum separator tube from 2 mL of whole blood after 1500 rpm centrifugation. Serum hepcidin and matriptase-2 levels pre and post supplementation were measured using the methods described in manufacturer instruction. Serum hepcidin levels were determined using Human hepcidin ELISA kit (Elabscience®) and matriptase-2 levels used Matriptase-2 ELISA kit (Elabscience®). The absorbance values of serum samples were measured with OD 450 .
Statistical analysis
All data in this study were analyzed using independent sample t-test and Mann-Whitney test with SPSS version 23 (IBM Corp.). A significant level was set up at p<0.05.
RESULTS
A total of 173 female adolescents met the criteria from which 87 (50.3%) subjects suffered anemia (Hb <12 g/dL) and 86 not anemic (Hb>12 g/dL). Table 1 showed that Hb levels and BMI of anemia and healthy subjects were different. Anemia subjects had lower Hb (10.7±1.0 g/dL) than healthy subjects (13.3 ± 0.9 g/dL). The Hb difference of both subjects is statistically significant (p<0.001). In contrast to Hb levels, a higher BMI (24.1±4.9) was observed in anemic subjects, compared with healthy subjects (23.0±4.6) but not significantly different (p=0.108).
After 30 days supplementation, Hb levels were measured to evaluate whether or not IDA subjects had a better response to oral iron. There were only 68 IDA subjects who completed this study. Table 2 indicated that 61.8% IDA subjects were nonresponsive and the remaining subjects were responsive. BMI and Hb pre supplementation in nonresponsive subjects were significantly higher (25.5±5.0 and 11.1±0.6 g/dL) than that of responsive subjects (21.7±4.5 and 10.3±1.2) with p=0.002 and 0.05 respectively. However, the nonresponsive subjects had Hb post supplementation at 11.3±0.7 g/dl, lower than responsive subjects (12.1±0.9 g/dl). The average difference of Hb levels in nonresponsive subjects is 1/10 fold of responsive subjects. It differed statistically (p=0.01). For iron storage, both subjects had similar ferritin levels (13.4±8.3 vs. 13.8±6.4). Serum hepcidin and matriptase-2 levels before and after supplementation were determined in nonresponsive and responsive IDA to investigate their roles in iron metabolism. Hepcidin levels decreased in both subjects after iron supplementation, but matriptase-2 levels also increased in both subjects after oral iron supplementation (Table 3) . Before iron based treatment was commenced, hepcidin levels were similar in IDA subjects which were nonresponsive or responsive to oral iron. Matriptase-2 levels in nonresponsive IDA (331.4±425.8) were lower than responsive IDA (1,030.7±1276.1) but not statistically different (p=0.204). Furthermore, a similar decrease in serum hepcidin levels was found in both subjects after 30 days supplementation. After iron supplementation, matriptase-2 levels (666.3±437.3) doubled in nonresponsive subjects compared with matriptase levels before iron supplementation (331.4±425.8), but responsive subjects just had 10% more matriptase-2 levels after iron supplementation.
The differences of hepcidin and matriptase-2 levels during iron supplementation were determined to evaluate the involvement of both proteins in iron regulation in IDA subjects. Table 4 exhibited that nonresponsive subjects had lower average differences of hepcidin and matriptase-2 compared with responsive subjects. The average difference of hepcidin in nonresponsive subjects (-1.6±1.3) decreased slightly, but in responsive subjects, the mean difference of hepcidin was higher (-2.6±1.5). The differences of hepcidin in both subjects reached statistical significance (p=0.034). In contrast with hepcidin levels, the average increase of matriptase-2 levels in nonresponsive subjects (376±244) was lower than the average increase of matriptase-2 levels in responsive subjects (440±398). However, it did not differ significantly (p=0.856).
DISCUSSION
We have demonstrated in the first time that the average difference in Hb levels during supplementation can be used to distinguish between responsive and nonresponsive subjects. In this study, we found that the average difference in Hb levels in responsive subjects increased ten times compared with nonresponsive subjects. Average BMI in responsive subjects was normal while nonresponsive subjects were overweight. Increased Hb levels in responsive subjects are followed by a decrease of 1.6 times hepcidin levels and an increase of 1.2 matriptase-2 levels compared with nonresponsive subjects.
Our data is in line with data from the previous study 5 regarding Hb and hepcidin levels. It was reported that 240 IDA subjects were given with 325 mg sulfate-ferrous three times for 28 days and only 37.5% subjects had increased Hb levels more than 1 g/dL which was considered as responsive subjects.
5 In contrast to this study, Hb levels in responsive subjects in our study increased (1.9 g/dL). In addition, we administered single oral dose 250 mg ferrous fumarate for 30 days in IDA subjects. Therefore, IDA subjects which are nonresponsive to oral supplementation may result in genetic variability.
Our finding also shows that average BMI in nonresponsive subjects is 25.5±5.0 kg/m 2 . Higher BMI is related to higher fat accumulation through all the body. Fat accumulation subsequently induces chronic inflammation through secretion of pro-inflammatory cytokines like IL-6 and TNF-alfa.
14 As a result, increased IL-6 levels in blood circulation stimulates the release of hepcidin from liver and adipocytes. 15 Our data indicate that hepcidin levels in nonresponsive subjects remain high after 30 days iron supplementation. Hepcidin-induced inflammation more likely inhibits iron absorption by an increase of Ferroportin (FPN) degradation. 16 Therefore, inflammation may contribute to the failure of responsiveness to oral iron supplementation in nonresponsive subjects. 
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A number of studies have shown that activity of matriptase-2 enzyme predominantly regulates hepcidin expression.
12,13,17 Our finding supports these previous studies that iron responsive subjects with IDA have lower hepcidin levels and higher matriptase-2 levels than iron nonresponsive subjects with IDA. So far, regulation of hepcidin expression involves BMP (Bone Morphogenetic Protein)/SMAD (son-mothers against decapentaplegic) protein signaling. 17 Higher matriptase levels will then cleave hemojuvelin (Hjv), leading to suppression of hepcidin expression. However, our study does not investigate this signaling pathway.
17, 18 Other limitations of our study are we do not collect data on iron intake from daily consumption, measure waist circumference, serum IL-6 and TNF-alfa levels, and determine genetic variability in TMPRSS6 gene. Moreover, we just measure soluble matriptase-2 in blood circulation, but it does not reflect the total of matriptase-2 because the majority of matriptase-2 is expressed in the liver cell membrane.
CONCLUSION
In conclusion, more than a half of female adolescents is not responsive to oral iron supplementation with higher levels of hepcidin and lower levels of matriptase-2, compared with responsive female adolescents. Both proteins are a potential biomarker for detection of responsiveness to oral iron supplementation. Further investigation is required for unraveling nonresponsiveness to oral iron supplementation in female adolescents.
